Chromosomal localization of 18S rDNA and telomere sequence was attempted on the chromosomes of the aye-aye (2n = 30) using fluorescence in situ hybridization (FISH) and primed in situ labeling (PRINS), respectively. The rDNA was localized at the tip or whole of the short arm of acrocentric chromosomes 13 and 14 in all spreads observed. However, post-FISH silver-nitrate (Ag) staining showed that transcriptional activity of the rRNA genes was variable, particularly in chromosome 14, which was most frequently negative in one homologue carrying the smaller copy number of rDNA. This observation supports, at the molecular cytogenetic level, previous data concerning the relationship between the copy number of rDNA and its trancriptional activity. On the other hand, telomere sequence was localized only at the telomeric region of all chromosomes, the so-called telomere-only pattern, a characteristic similar to that of the greater bushbaby. These data may provide information on the chromosomal evolution of the lemur, because locations of rDNA and telomere sequences frequently offer important clues in reconstruction of karyotype differentiation.
The aye-aye, Daubentonia madagascariensis, is the only living species of the family Daubentoniidae within the infraorder Lemuriformes. It is widely but sparsely distributed in the forests of the east, north and northwest of Madagascar. Molecular and cytogenetic studies have suggested that the aye-aye diverged early from the lineage leading to the family Lemuriformes (Dene et al. 1975; Rumpler et al. 1988 ). According to a morphological monograph (Hill 1953) , the species is characterized by peculiar adaptive properties of the extremities and dentition. These characteristics seem to be evolutionary adaptations to diet, namely insect larvae embedded in the bark of trees (Cartmill 1974; Milliken et al. 1991 ) and cotyledons of the ramy nut (Iwano & Iwakawa 1988) . Importantly, the species is threatened by habitat destruction and is killed frequently on sight in some areas as a crop pest, a harbinger of evil, or both (Harcourt 1990; Mittermeier et al. 1994) . Together, these pressures may have so reduced individual numbers that it should now be considered a highly endangered species.
An effective conservation program requires the collection of various biological data related to the species. Tagle et al. (1990) characterized in detail aye-aye chromosomes using several banding and restriction enzyme techniques. They speculated from the results of silver nitrate (Ag) staining that either the Ag-negative homolog of chromosome 14 does not contain any rDNA or that the rDNA locus is genetically inactive or repressed. However, their examination of one sample by Ag-staining analysis only may not be sufficient to allow characterization of the activation state of rRNA genes. In the present study, to obtain more substantial cytological information of the aye-aye, we investigated three items as following: localization of rDNA using fluorescence in situ hybridization (FISH) technique; transcriptional activity of the rDNA loci by post-FISH Ag-staining; and spatial character of the telomere sequence using seven aye-ayes. The reason we examined both DNAs is that localization of rDNA and telomeric repeats often provide additional evidence related to chromosome change occurring earlier in evolutionary history (Hirai et al. 1994 (Hirai et al. , 1996 (Hirai et al. , 1999 Go et al. 2000) .
Blood samples (mean 3 ml/head) were drawn from five captives (three females and two males) in Tsimbazaza Zoo and two (one female and male) in Ivoloina Zoo using a heparinized syringe under weak anaesthesia with ketamine hydrochloride (1 mg/kg). The former were captives originating from the Manasamody area, Anjiamangirana, which is a new dry forest population located in the northwest (Simons 1993) , while the latter were from the Mananara-Nord area, a rain forest population located in the northeast. Blood samples kept in heparinized syringes were transported at room temperature to the Primate Research Institute, Kyoto University, Japan. Generally, blood samples should be cultured within 5 days after collection in order to obtain better chromosome preparations. One millilitre of each whole blood was cultured using a medium consisting of 80% RPMI-1640 (Iwaki, Japan), 20% inactivated fetal bovine serum (FBS; Gibco BRL, US), 4 µg/ml concanavalin A (Con A) (Sigma, US) or 20 µg/ml phytohemagglutinin (PHA) (Murex, England), 50 units/ml penicillin and 50 µg/ml streptomycin. PHA was used for only one animal to compare mitogenicity with Con A. All other experiments were done using chromosomes cultured with Con A mitogen. Chromosome preparation, C-banding, fluorescence in situ hybridization (FISH) and post-FISH sequential silver nitrate (Ag-) staining were conducted using previously described methods (Hirai et al. 1998 ). The rDNA probe (encoded human 18S rRNA gene) was kindly supplied by Dr. Andrew K. Godwin of the Fox Chase Cancer Center, USA. The telomere sequence was localized using a primed in situ (PRINS) labeling technique (denaturation: 93°C 5 min, annealing and extension: 61°C 30 min) with the primer, (CCCTAA) 7 . FISH analysis and Ag-staining images were input into a Macintosh computer using a Photometrics charge-coupled device (CCD) image acquisition and processing system. Chromosomes in FISH were identified using the DAPI G-band (Hirai et al. 1998 ) by referring to a chromosome nomenclature (Tagle et al. 1990 ). G-and C-banding were performed as previously described (Sumner 1990) .
Although PHA has long been used routinely as a mitogen for activating lymphocyte proliferation in whole blood cell cultures of prosimians, Con A (4 µg/ml) seemed to have better mitogenicity for lymphocytes of the aye-aye than PHA (20 µg/ml). In fact, culture with Con A showed a two-fold higher metaphase index [0.9%, 87 (number of metaphase)/9450 (total cell number observed)] than that with PHA (0.4%, 33/8112).
The human 18S rDNA probe was localized in the short arm of the smallest autosome acrocentrics, 13 and 14, in all seven individuals examined (Figures 1 a and c) . However, post-FISH Ag-staining showed that rRNA gene expression was variable in the four loci, which was performed in four of the seven animals. For example, a certain cell was positive for silver particles in all four chromosomes (Figure 1b) , whereas another was negative for Ag-staining in one homologue of a pair 14 (Figure 1d,  arrowhead) . The extent of this mosaic variation in an individual seemed to differ among animals. As shown in Table 1 , qualitative analysis of the signal size of FISH and post-FISH Ag-staining observed in four aye-ayes from two distinct localities revealed that negative staining for Ag in the nucleolus organizer region (NOR) tended to depend on the size of the rRNA gene cluster. However, this tendency did not appear to be uniform in all individuals examined. In two aye-ayes at least the negative locus for Ag-staining was always specifically restricted to a chromosome with a smaller sized FISH signal in homologue 14. The remaining two animals showed variably positive or negative Ag-staining among cells of the same individual. Such individuals may have a threshold copy number of rDNA for gene expression. The different copy number of rDNA between animals may result from exchange of DNA copies among NOR-acrocentrics in terms of a hetero-site crossover in the hammock structure at pachytene (Imai et al. 1986 ). In general, the number of genes positively correlates with the level of function (Miller & Brown 1969; Miller, Jr. 1981) . The results obtained in the present study support the first of two speculations made in a previous study (Tagle et al. 1990 ), namely that negative rDNA locus for Ag-staining is genetically inactive or repressed, but deny the second, that the Ag-negative homology of chromosome 14 does not contain any rDNA.
PRINS reaction with a telomere sequence primer (CCCTAA) 7 revealed that the aye-aye showed signals at the telomeric region only in all chromosomes (Figure 1e ). We previously observed such a telomere-only pattern in the greater bushbaby, Otolemur crassicaudatus (Go et al. 2000) . In contrast, most other lemurs showed nontelomeric localization, namely heterochromatic short arms of acrocentrics, pericentromeric regions of bi-armed chromosomes, or both (Meyne et al. 1990; Garanga et al 1997; Go et al. 2000) . This differentiation of telomeric sequence location should provide valuable insight into our understanding of the chromosome evolution of lemurs. For instance, the previous (Go et al 2000; unpublished) and present studies suggest that lemurs can be divided into three groups by localization pattern of telomeric repeats: 1) telomere-only pattern, 2) pattern of heterochromatic short arms of acrocentrics as well as the essential telomeric regions, and 3) pattern of (2) plus paracentromeric regions of bi-armed chromosomes. Further, the distribution pattern of telomeric repeats in the aye-aye supports the evidence that the karyotype of the species diverged very early from a trunk leading from the primate ancestor to the Lemuriformes ancestor (Rumpler et al. 1988 ). The logical reason for the present and Rumpler's findings is that the location of the telomere sequence of the aye-aye detected in the present study is closely similar to that of the greater galago of the infraorder Lorisiformes, which is the sister branch of the Lemuriformes.
A discrepancy in Y chromosome morphology described previously as a small acrocentric (Rumpler et al. 1988 ) or metacentric chromosome (Tagle et al. 1990 ) was resolved in the present study to be a small metacentric chromosome on the surface (Figure 2) . Namely, as shown in Fig. 2b , the Y chromosome had a totally heterochromatic short arm. According to the TAM system of chromosome nomenclature (Imai 1991) , the chromosome can be designated as an A M , pseudo-acrocentric chromosome. It can therefore be speculated that the short arm of the Y might have been variable in size. The heterochromatic short arm of the Y probably might have suffered tandem growth of the heterochromatin, yielding elongation of the short arm (acrocentric pseudo-acrocentric). Although the size of the short arm was monomorphic in all three individuals investigated in the present study, it is also possible that the size of the short arm is variable by tandem growth or elimination of heterochromatin. In other words, the previous discrepant data might have indicated such size change in the short arm of the Y chromosome. Finally, since the results observed in the present study showed no differences between aye-ayes from the two localities, the two populations may be very close to each other at the cytogenetic level. This finding may also be important in a broad sense for the conservation program, in terms of understanding the bio-geographical history of the aye-aye, although molecular analysis detected a very slight difference between them (unpublished data).
